INTRODUCTION
Crop-livestock integrated systems have economic and environmental advantages, such as higher income per area, greater diversification of activities, less economic risks and lower production costs (Balbinot Junior et al. 2009 ). Therefore, they play an important role in the sustainability of the Brazilian livestock model.
Maize (Zea mays L.) stands out in these integration systems (Alvarenga et al. 2006) , since it
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is the second largest crop produced in Brazil, second only to soybean. In the 2015/2016 harvest year, more than 15 million hectares were planted with maize, using different cropping systems, whether or not conservationist, totaling more than 83 million tons of grains (Conab 2016) . The maize spatial arrangement is one of the most important agronomic aspects influencing crop performance and yield in the crop-livestock integrated systems. Plant density interferes with the grain yield potential, dry matter and phytotechnical
The no-tillage system is a conservation practice that seeks greater sustainability of the production system and can be replicated in large land areas. Maize intercropped with forages of the Urochloa genus has proven to be profitable and suitable for targeting both the straw and grain production. This study aimed at evaluating maize yield and cover plants, using different maize row spacings and forage seeding methods, under a no-tillage system. A randomized blocks design, in a 2 x 3 + 2 factorial scheme, with four replications, was used. The treatments consisted of two maize row spacings (0.45 m and 0.90 m) intercropped with Urochloa ruziziensis, using three different methods (Urochloa sown in the row, Urochloa sown by hauling soon after maize was sown and Urochloa sown during the maize V4 growth stage) + controls (only maize at two spacings). The intercropping between maize spaced 0.90 m with Urochloa ruziziensis in the sowing row provided better grain yield results without interfering with the Urochloa dry matter production.
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Consórcio de milho com
Urochloa ruziziensis sob plantio direto O sistema plantio direto é uma prática conservacionista que visa a uma maior sustentabilidade do sistema produtivo, podendo ser reproduzida em grandes extensões de área. O cultivo de milho em consórcio com forrageiras do gênero Urochloa vem se mostrando rentável e compatível, visando tanto à produção de palhada como à de grãos. Objetivou-se avaliar a produção de milho e de plantas de cobertura vegetal, em diferentes espaçamentos do milho e modalidades de semeadura da forrageira, no sistema plantio direto. Utilizou-se delineamento experimental em blocos casualizados, em esquema fatorial 2 x 3 + 2, com 4 repetições. Os tratamentos foram constituídos por dois espaçamentos da cultura do milho (0,45 m e 0,90 m) e três modalidades de consórcio de Urochloa ruziziensis com milho (Urochloa semeada na linha; Urochloa semeada a lanço junto à semeadura do milho e Urochloa semeada a lanço no estádio V 4 do milho) + testemunhas (milho solteiro em dois espaçamentos). O consórcio de milho (0,90 m) com Urochloa ruziziensis na linha de semeadura proporcionou melhores resultados de produção de grãos, sem interferir na produção de massa seca da planta de Urochloa.
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characteristics of maize, because they change the availability of solar radiation inside the canopy (Costa et al. 2005 , Pereira Filho et al. 2008 .
In recent decades, the introduction of more productive hybrids tolerant to water and nutritional stress; the use of technologies to control weeds, pests and diseases; and the expanding use of fertilizers and soil correctives (Argenta et al. 2001 , Stacciarini et al. 2010 ) have allowed higher plant population densities and smaller maize row spacing. Ribas et al. (2013) demonstrated that the reduced maize row spacing (0.45 m) in single crop systems resulted in smaller plants. However, grain yield is higher, when compared to higher maize row spacing (0.90 m). The reduced spacing between rows improved the phytotechnical characteristics of the plants and decreased the interference of weeds. However, when rows are close together, there is a lower incidence of light, and the plants tend to allocate greater amounts of reserves for the development of roots, hindering the development of smaller plants (Balbinot Junior & Fleck 2004) .
Among forages, Brachiaria grasses have been highlighted as an alternative for intercropping in crop-livestock integrated systems, since, depending on the spacing between rows, they cause little or no interference on grain yield (Freitas et al. 2013) . Borghi & Crusciol (2007) investigated the intercropping of maize with Urochloa brizantha, using four sowing methods and two spacing distances, and found that the reduced spacing (0.45 m) interfered with maize yield, when the forage was sown in the line/row and between the rows. Freitas et al. (2013) showed that increasing the maize density could decrease forage production, and recommended higher densities only when there is no water restriction. Correia et al. (2013) worked with Urochloa ruziziensis and showed that forage seeding in row or by hauling, at 22 days after maize sowing, had no negative effect on grain yield, when compared to the maize single crop. Therefore, when implementing a maize crop, the best spatial arrangement and forage sowing method should be defined based on the objectives of the production system, whether it aims at production of straw, straw and forage or fodder only (Chioderoli et al. 2010 , Borghi et al. 2013 ).
This study aimed at evaluating two maize spatial arrangements and three Urochloa ruziziensis sowing methods, under a no-tillage system.
MATERIAL AND METHODS
The study was conducted in the experimental area of the Universidade Estadual Paulista "Júlio de Mesquita Filho" (21º14'S, 48º16'W, with 560 m mean altitude and 4 % slope), in Jaboticabal, São Paulo State, Brazil. The experimental area has been cultivated under the no-tillage system for over ten years. The climate, according to the Köppen-Geiger classification, is Aw, tropical humid, with rainy summer and dry winter. The rainfall and temperature data during the experiment are shown in Figure 1 . The soil of the experimental area is classified as a typical Oxisoil, clayey, A moderate, kaolinitic-oxidic (LVef) (Andrioli & Centurion 1999) , with the following particle distribution: 200 g kg -1 of sand, 290 g kg -1 of silt and 510 g kg -1 of clay. Two distances between maize rows were tested (0.45 m and 0.9 m), as well as three Urochloa ruziziensis (forage) sowing methods. For the 0.45 m distance, the treatments were as it follows: E1M1-forage sown in the maize row; E1M2 -forage sown by hauling in the maize row; E1M3 -forage sown by hauling when the maize reached the V4 stage. For the 0.90 m distance, the treatments were: E2M1-forage sown in the maize row; E2M2 -forage sown by hauling in the maize row; E2M3 -forage sown by hauling when the maize reached the V4 stage. The control treatments were: T1 -maize only, spaced 0.45 m between rows; T2 -maize only, spaced 0.90 m between rows. The experimental plots were 4.0 m wide and 15.0 m long, spaced 5 m apart. Thirty-two experimental units were formed, with seven and four maize rows for the 0.45 m and 0.90 m row spacings, respectively. The plot useful areas corresponded to two and three 5 m long central rows, respectively for the 0.90 m and 0.45 m row spacings. A randomized blocks design, in a 2 x 3 + 2 factorial scheme, with four replications, was used.
The trial lasted from January to June 2014. The Powercore maize hybrid 2B710PW cultivar was planted, targeting a population of 60,000 plants ha and 5.4 seeds m -1 , respectively, considering the slippage of the seeding machine, germination, purity and survival rate of seeds. Certified Urochloa ruziziensis seeds (11.5 kg ha -1 and 60 % crop value) were intercropped. Basic fertilization used 300 kg ha of urea, as determined by the soil chemical analysis (Table 1) and fertilizer recommendation for maize crops with yields above 8 t ha -1 (Embrapa 2006). The mechanized seeding processes used one tractor (4 x 2 TDA), with 91.9 kW (125 cv) maximum power and 1,950 rpm, working in L3, at 4.0 km h -1 , and 7,000 kg mass (40 % front and 60 % rear), calculated for average operations, 56 kg cv -1 , 14.9-24 R1 and 18.4-34 R1 front and rear tires, 18 (124 kPa) and 22 psi (152 kPa), respectively, and 0.415 m drawbar height. The drag seeder used had pneumatic disc seed metering, helical fertilizer distributor, set for direct sowing with 18" front blade, rod-type trencher working at 0.14 m depth and set to deposit the fertilizer at 0.08 m, staggered 15" double discs to deposit seeds at 0.05 m deep, and V-shaped compacting wheels, set to seven rows spaced 0.45 m and four rows spaced 0.90 m for maize planting.
The final plant population was determined by counting the number of plants present in the useful plot area before harvest, and the values were extrapolated for plants ha -1 . Grain yield was determined by harvesting the ears from each useful plot area and threshing using a mechanical threshing. Grains were separated, weighed and corrected for 13 % wet basis (Brasil 1992) , using the following equation: P = I x 100 -U 100 -13
where P = grain mass with 13 % moisture (kg); U = actual water content of grains (%); I = initial sample weight. The 1,000-grain weight was determined by quantifying the mass corrected to 13 % moisture content of 800 fold samples chosen at random (Brasil 1992) . All maize plants from the useful plot area were weighed, subtracting the weight of the grain after threshing, to obtain the mass of green straw matter. A 0.25 m² iron frame was thrown randomly in the field and all forage contained inside the iron frame was collected and packaged in paper bags. Two sub-samples were prepared per plot for the hauling treatments. For the forage sown in row, 2 m were collected from two rows of the useful plot area. The total dry matter was determined by adding the maize and forage dry matter. The plant matter was weighed and the samples were taken to a forced air circulation oven at 65 ºC, for 48 h, to constant weight, to determine straw dry matter per hectare.
All data were submitted to coefficient of skewness and kurtosis analyses, to verify the data normality. The variables analyzed displayed normal distribution, with skewness and kurtosis values within the -2 and 2 range (Montgomery 2004) . Maize agronomic characteristics and coverage were evaluated in a 2 x 3 factorial scheme, taking into account the sowing spacing and arrangement. The control and treatments were compared using the 2 x 3 + 1 factorial scheme, comparing all treatments with each control distinctly. The data were submitted to the F test and, when necessary, the Tukey test was applied (p < 0.05) to compare the means. The factorial was compared to the control (maize only) by the Dunnett test (p < 0.05). 
RESULTS AND DISCUSSION
The spacing between rows had significant effect on final maize population, 1,000-grain weight, grain yield, maize dry matter and total dry matter ( Table 2 ). The 0.45 m row spacing resulted in higher plant density and dry matter, regardless of forage seeding method. On the other hand, higher 1,000-grain weight, grain yield and total dry matter were obtained for the 0.90 m row spacing.
The sowing density per meter directly affects seed distribution and plant density (Dias et al. 2009 ), because, to maintain the same population density per area, when spacing is greater (e.g. 0.90 m), a larger number of plants should be planted per row. However, this densification causes failures in the longitudinal seed distribution, reducing the plant population effectively established (Schimandeiro et al. 2006) . Also, the resulting spatial arrangement for the 0.90 m distance may have promoted greater intraspecific competition in maize. These factors explain the lower density, maize and total (maize + Urochloa) dry matter, for the 0.90 m spacing (Table 2) . Borghi et al. (2008) evaluated the effect of spacing between maize rows and Urochloa brizantha sowing methods and reported higher maize dry matter for the 0.45 m spacing, when forage was sown simultaneously between rows. However, the results reported in this study showed that both spacings produced enough dry matter to maintain the no-tillage system, which, according to Embrapa (2010), should have values of about 6,000 kg ha -1 .
The results reported are above the national average, which is approximately 4,500 kg ha -1 for grain yield (Embrapa 2012), in both spacings and sowing methods evaluated. Moreover, 1,000-grain weight and grain yield were higher for the 0.90 m spacing ( Table 2 ). The significant difference observed for the 1,000-grain weight variable shows that the environmental variables, soil, water and sunlight were used more efficiently when spacing was 0.90 m. This result may be associated with the lower final plant density, which enabled lower intraspecific competition between maize plants, corroborating the lower 1,000-grain weight obtained when maize density increased.
Maize grain yield was higher for the 0.90 m spacing, even though plant density was lower. The sowing method did not affect grain yield. This result may be associated with higher 1,000-grain weight in the 0.90 m spacing, when compared to the 0.45 spacing, and the fact that maize can produce more than one ear per plant.
According to Ritchie et al. (2003) , at lower densities, maize plants tend to be more prolific. Similar maize yields and 1,000-grain weights have been reported by Torres et al. (2013) generic taxon in different spacings and reported that grain yield is lower for the 0.45 m spacing, when intercropped with Urochloa. The dry matter was higher for the 0.45 m spacing, if compared to the 0.90 m spacing, what can be explained by the higher plant density at the 0.45 m spacing, which results from the more uniform longitudinal distribution, with higher percentages of normal spacing and no influence of the Urochloa seeding method on the maize dry matter content. Sangoi et al. (2005) reported that the maize dry matter decreases as plant density increases, unlike the results of this study, where the dry matter increased with the 0.45 m spacing, even though the maize population density is increased. The total dry matter data demonstrated that higher values of dry matter were observed for maize spaced at 0.45 m.
The maize spacing and forage sowing methods did not affect the dry matter accumulation of Urochloa ruziziensis (p > 0.05). The dry matter production observed in this experiment was below the 4,000 kg ha -1 of dry matter reported by Costa et al. (2012) , for Urochloa ruziziensis and maize intercropping. However, Batista et al. (2011) reported Urochloa ruziziensis dry matter of about 1,000 kg ha -1 , at the maize physiological maturity, for regions of the São Paulo State.
The maize dry matter content was not significantly different for the control (maize only), if compared to the maize and forage intercropping with both spacings, and Urochloa ruziziensis sowing methods, even when forage was sown by hauling at the V4 maize stage, where a better result was expected for the maize crop. The maize yield showed that, for the conditions of this study, the 0.90 m spacing between maize and Urochloa ruziziensis intercropped in the maize row is the most appropriate, taking into account the higher grain yield for the 0.90 m and the operational factors during the Urochloa seeding. Even if maize yield was not significantly different for the Urochloa sowing methods, sowing forage on maize rows reduces the costs and impacts caused by the use of agricultural equipment, thus reducing the mechanized processes. For seeding on rows, the Urochloa seeds are mixed with fertilizer and deposited in the soil simultaneously with maize, without changing the number of mechanized processes, unlike seeding by hauling, when another mechanical process is required, changing the traffic in the area and increasing power consumption.
Grain yield, 1,000-grain weight and maize dry matter were not significantly different between treatments (spacing between rows and forage seeding methods), if compared to the controls, maize only, spaced at 0.45 m (T1) and 0.90 m (T2). However, the plant population density differed between treatments and controls, maize only, spaced at 0.45 m (Table 3) and 0.90 m ( Table 4) .
The intercropping systems between maize and Urochloa ruziziensis did not affect the final plant density at the 0.45 m spacing, since productivity variables were similar for both crops, intercropping and control (T1). Likewise, higher plant density was recorded for treatments at the Treatment averages followed by ns or by no letters, in the columns, do not differ from the control, by the Dunnet test. Treatment averages followed by * are significantly different (p < 0.05) from the control treatment. E1 -0.45 m spacing; E2 -0.90 m spacing; M1 -Urochloa ruziziensis sown in the row with maize seeding; M2 -Urochloa ruziziensis sown by hauling along the maize seeding; M3 -Urochloa ruziziensis sown by hauling, when maize reached the V4 growth stage; T1 -control spaced at 0.45 m; LSD -least significant difference.
Variable
Final plant density 1,000-grain weight Treatment averages followed by ns or by no letters, in the columns, do not differ from the control, by the Dunnet test. Treatment averages followed by * are significantly different (p < 0.05) from the control treatment. E1 -0.45 m spacing; E2 -0.90 m spacing; M1 -Urochloa ruziziensis sown in the row with maize seeding; M2 -Urochloa ruziziensis sown by hauling along the maize seeding; M3 -Urochloa ruziziensis sown by hauling, when the maize reached the V4 growth stage; T1-control spaced at 0.90 m; LSD -least significant difference.
